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CHEMICAL MODELS 


All substances are composed of atoms 
or of groups of atoms combined into 
molecules. We all know that water is a 
compound made up of hydrogen and 
oxygen atoms and are familiar with its 
formula H,O. But how are the hydrogen 
and oxygen atoms arranged in the mole- 
cule? Are they along a straight line, 
H—0O—H, or in a ttriangular structure 

By ZOx 
such as H—O or H H, or some other 
configuration? The study of such spatial 
relationships of particles composing a 
compound is known as stereochemistry. 

To visualize the positions of the com- 
ponents of atoms and molecules, models 
are a valuable aid. With the materials 
in this unit you will be able to make more 
than 100 molecular models of various 
compounds as well as five atomic models, 
and through them you will receive some 
idea of the three-dimensional concept of 
atoms and molecules. 

First look over the materials in your 
unit. 

STYROFOAM BALLS—Nine white 
foam balls to represent carbon and 
oxygen atoms, and also protons and 
neutrons. 

TOOTHPICKS—For use as chemical 
bonds. 

CLAY—For constructing spheres to 
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represent electrons and hydrogen atoms. 
TETRAHEDRON PATTERN—For 
proper bond placement for the carbon 
atom. 
PROTRACTOR—For measuring bond 
angles. 


ATOMIC MODELS 

An atom is the smallest particle of an 
element that possesses the characteristic 
properties of the element. It can exist 
alone or in combination with other atoms 
of the same element and also with those 
of different elements to form molecules 
of more complex substances known as 
compounds. 

The atom itself consists of smaller 
particles—protons, neutrons and _ elec- 
trons. The neutrons and protons form 
the central body or the nucleus of the 
atom, except in protium or ordinary 
hydrogen where the nucleus contains only 
One proton and no neutrons. 

The electrons are tiny particles of elec- 
tricity and circle around the nucleus. 
They are negatively charged and bound 
to the nucleus by the attraction of the 
positively charged protons. The neutrons 
are neutral and have no charge. 

Each atom contains an equal number 
of negative electrons and positive protons 
whose forces exactly balance each other. 
A complete atom, therefore, is electrically 
neutral. The number of neutrons in an 
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atom may vary. 

The number of protons in the nucleus 
of an atom is known as its atomic number 
and it is this number that determines the 
nature of the element. For example, an 
atom containing eight protons (atomic 
number 8) is the element oxygen and one 
with 13 protons (atomic number 13) is 
aluminum. There are now 105 known 
elements, each having its individual prop- 
erties and definite atomic number. 

The proton and neutron are about 
equal to each other in mass, but the mass 
of an electron is much less, being only 
about 1/1836 of a proton. The total! 
number of protons and neutrons in the 
nucleus of an atom is known as the mass 
number and the combined mass of the 
nucleus and the electrons is its atomic 
weight. The weight of the electrons is 
usually disregarded in computing atomic 
weight. 

To visualize the  three-dimensional 
nature of the atom, let us make several 
atomic models. 

Color six of your styrofoam balls with 
any convenient crayon, leaving the other 
three white. 

Experiment 1. Consider the colored 
balls to be neutrons and the white balls 
protons. 

Cut a toothpick in half. Make a ball 
Y% inch in diameter with your modeling 
clay and attach it to the blunt end of one 
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of the cut toothpicks. This small sphere 
represents an electron. 

To one of the white balls (proton) 
attach an electron (Fig. la). Actually the 


CO 
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Fig. 1 


electron is constantly in motion around 
the nucleus. 

Experiment 2. Using the second half 
of the cut toothpick, connect a neutron 
(colored ball) to the proton with the elec- 
tron so that the two are in contact with 
each other (Fig.1b). This is a model of 
a special kind of hydrogen, known as 
heavy hydrogen or deuterium. Deuterium 
is twice as heavy as ordinary hydrogen. 
Do you know why? This is the hydrogen 
found in heavy water which is used in 
slowing down neutrons in atomic piles. 

Now connect another neutron to the 
deuterium model with another half of a 
toothpick (Fig. 1c). You now have a 
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model of a third form of hydrogen 
known as tritium. It is three times as 
heavy as protium. 

Tritium is produced by the explosion 
of hydrogen bombs. Since tritium be- 
comes mixed with ordinary hydrogen in 
water (H.O), hydrogen bomb explosions 
can be detected by studying the tritium 
concentration of rainwater. 

In each of these hydrogens, the atomic 
number is 1, since the number of protons 
in an atom determines the atomic num- 
ber. However, the atomic weight is dif- 
ferent in each because the number of 
neutrons varies. Atoms with the same 
atomic number but different weights are 
called isotopes. Hydrogen as you have 
observed has three isotopes. 

The electrons move around the nucleus 
in more or less definite energy levels, also 
called shells or orbitals. In the level 
closest to the nucleus, the first energy 
level, of all elements except hydrogen, 
there are always two electrons. In the 
outermost orbit there may be up to eight, 
but no more than eight electrons. A 
diagram of the shells of helium, carbon 
and oxygen are shown in Figure 2. 

The electrons in the outermost shell 
are known as the valence electrons. 
These are the electrons that are respon- 
sible for the chemical combination of 
atoms with each other. If the outermost 
shell is filled, as in helium, then the sub- 
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helium carbon 


oxygen 
e = electron 
8p 
2e 6e p = proton 
8n n = neutron 


Fig. 2 


stance is inert, or does not react with 
other elements. 

Experiment 3. Connect two protons 
and one neutron with one-half toothpicks 
so that they touch. Now attach two elec- 
trons on opposite sides of the nucleus. 
This atom has an atomic number of 2 
and is called helium. It is three times as 
heavy as the hydrogen atom. 

An isotope of helium (Fig. 2) can be 
made by adding another neutron to the 
nucleus. This is ordinary helium, the 
kind used in helium balloons. It is four 
times as heavy as hydrogen. 


CHEMICAL BONDS 
When elements combine with other ele- 
ments to form compounds, the valence 
electrons in the incomplete outermost 
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shell of an atom are either transferred 
from one atom to the other or are shared 
among the atoms. 

If the electrons are transferred, it is 
known as ionic bonding. When they are 
shared, it is called covalent bonding. 

In a chemical formula covalent bond- 
ing is usually represented diagrammatic- 
ally with lines extending outward from 
the element, a system originated by 
Kekulé, a German chemist in 1858. Such 
formulas are referred to as_ structural 
formulas. 

Thus, carbon with four valence elec- 
trons is represented as C with four lines, 
while oxygen with two is shown with two 
bonds (Fig. 3). 


ae Gee O42 





Fig. 3 
This method of representation is ap- 
plied widely in constructing molecular 
models. 


ORGANIC CHEMISTRY 
Chemical models are especially useful 
in showing molecular structures in or- 
ganic chemistry. Most of you have seen 
models or pictures of models of complex 
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molecules such as DNA (deoxyribonu- 
cleic acid) or RNA (ribonucleic acid). 

But there are many simpler molecules 
that you can construct with the materials 
in this unit. 

Organic chemistry may be defined as 
the chemistry of carbon compounds. All 
animal and plant tissues consist of car- 
bon-containing organic molecules. 

When atoms combine to form organic 
compounds, the most common type of 
bond is the covalent bond. 

While the usual written structural 
formulas are two-dimensional, molecules 
in actuality are arranged three-dimension- 
ally in space. In representing chemical 
compounds stereochemically, drawings in 
perspective or models are usually em- 
ployed. Models are especially satisfactory 
for such studies because they can be 
turned and observed from different 
angles. 

When atoms share bonds with each 
other, the angle between any three atoms 
is always characteristic for that com- 
pound causing atoms to have a definite 
position in space. This is known as the 
bond angle. 

The distance between the nuclei of 
two bonded atoms is also characteristic 
of the atoms concerned and is known as 
the bond distance or length. Both bond 
distances and bond angles may change 
depending upon the composition of the 
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molecule and can be determined with 
great accuracy with modern laboratory 
equipment. 

Carbon has the ability to form four 
covalent bonds. When atoms share bonds 
with the carbon atom, the bond angle 
between any two atoms is always some- 
where near 109.5°. This is close to the 
size of the angles of a tetrahedron. 

Experiment 4. A tetrahedron is a geo- 
metric structure having four equal sides 
composed of equilateral triangles. To 
construct your tetrahedron, cut out the 
two diamond-shaped patterns from the 
diagram included in this unit. Cut out 
inside the dotted lines and fold along 
the line marked “fold” so that the num- 
bers show on the outside. Match sides 
1 to 1 and 3 to 3, taping them together. 
Leave sides 2 and 4 free. Cut out your 
protractor. 

For the models to be made in the 
experiments that follow, let the colored 
balls represent carbon, the white balls 
oxygen, the toothpicks bonds and %-inch 
diameter clay spheres hydrogen. 

Now cut two toothpicks in two. Using 
your protractor to guide you, place the 
pointed end of the four half toothpicks 
into one of the carbon atoms at approxi- 
mately 109.5° apart (Fig. 4a). 

Place the carbon atom with the bonds 
in the center of the tetrahedron through 
the open side. If you have placed the 
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bonds in the carbon correctly, each one 
will point to one corner of the tetra- 
hedron (Fig. 4b). 

You now have a _ three-dimensional 
picture of the carbon atom and its bonds. 
Close the tetrahedron. Turn it from side 
to side. Note that no matter which side 
of the tetrahedron is used as the base, the 
carbon atom will stand on three bonds 
and the fourth will always point straight 
up. 


tetrahedron 
with one 
side open 







Fig. 4 


HYDROCARBONS 


Carbon compounds composed exclu- 
sively of carbon and hydrogen atoms are 
known as hydrocarbons. Hydrocarbons 
are divided into two large groups, the 
open chain or aliphatic, and the ring or 
aromatic compounds. Many different 
series are included in each of these 
groups. 
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Paraffins 

Experiment 5. Make four small clay 
balls to represent hydrogen atoms and 
place them on the ends of the carbon 
bonds of your C model (Experiment 4). 
You now have a molecule of methane or 
CH,. The structural formula of methane is 


showing the four bonds. 

Methane is the main constituent of 
natural gas and is the first member of 
the paraffins, a series of open chain 
saturated hydrocarbons. 

The compounds in the paraffin series 
fit the general formula C,Ho,,2. The 
letter n represents the number of carbon 
atoms. Thus, if there are 2 carbon atoms 
present in a paraffin, the number of 
hydrogen atoms in the formula will 
always be 2 times the number of carbon 
atoms plus 2. For example, C.H., or 
ethane, the second member of this series, 
contains 2 carbons and 2 X 2 + 2 hydro- 
gens or 6H. 

If you write the formula C,H, in 
structural form, 
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you can see the relationship between the 
C and H atoms. 

The next member, propane, is C;H, 
and its structural formula is 


H—C— 
| 
H 


Count the H’s surrounding the C. How 
many bonds does each C have? 

In the paraffins, we have the largest 
ratio of hydrogen to carbon. The letter 
n can ordinarily be any number from 
one to infinity. This is an example of 
how information can be organized in 
science. 

The general formula indicates that an 
endless number of paraffin compounds 
can be made by the addition of carbon 
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and hydrogen. This is why they are 
known as open chain compounds. 

To make additional hydrogen atoms, 
cut several toothpicks in half and attach 
small balls of clay to tne cut end. 

Experiment 6. Remove one of the 
hydrogen atoms from your methane 
molecule. A carbon atom with just three 
hydrogen atoms is called a methyl radical. 
If a hydrogen atom is removed from 
an ethane molecule, it becomes an ethyl 
radical and so on. The letter R is often 
used to designate a radical of any of the 
groups of compounds among the aliphatic 
hydrocarbons, such as methyl, ethyl and 
propyl radicals. 

Organic radicals do not exist alone 
under ordinary conditions. With one H 
missing a radical can combine with other 
radicals. 

Make a second methane molecule and 
remove one of its hydrogen atoms also. 
Take the two methyl radicals and insert 
a toothpick into one of them at the posi- 
tion from which the hydrogen bond was 
removed. Now push the free end of the 
toothpick into the other methyl radical 
at the point where the fourth hydrogen 
was located. The toothpick represents a 
new bond replacing the two hydrogen 
bonds. You now have a new molecule 
C,H, or ethane (Fig. 5). 

Remove a hydrogen atom from the 
ethane molecule and replace it with 
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Fig. 5 


another methyl radical to get propane, 
C;Hy,. Propane is used as a cooking gas 
and is packaged under pressure in steel 
bottles. 

Experiment 7. Observe that in the 
propane molecule, there are two carbon 
atoms with three hydrogen atoms each 
and one carbon atom with only two 
hydrogen atoms. 

When building the next member of the 
paraffin series, the methyl radical may 
become attached to any one of the three 
carbons. 

Remove a hydrogen atom from one of 
the carbon atoms having three hydrogen 
atoms. Add a methyl radical to this 
carbon atom. You have made the mole- 
cule normal butane, CH,CH,CH.CHs. 

Now remove the methyl radical and 
replace the hydrogen atom. Remove a 
hydrogen atom from the center carbon 
atom having only two hydrogens and add 
the methyl radical there. You obtain the 
molecule CH, 
| 
CH3CHCH3 
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known as isobutane. The two butanes 
are isomers. When two or _ more 
compounds have the same number of 
carbon and hydrogen atoms, but differ in 
structural formulas, they are said to be 
isomers of each other. As the number of 
carbon atoms in a compound increases, 
the number of possible isomers also in- 
creases. Each isomer has its own specific 
properties. 

The next member of the paraffin series, 
C;H,2, is known as pentane because it 
has five carbon atoms. Pentane exists in 
three isomeric forms. Can you make 
them? 

See how many isomers you can make 
for hexane, C,gH,4. 

When the carbons are added succes- 
sively to the ends of the chains, they are 
known as straight chain hydrocarbons. If 
added to intermediate carbons, the chain 
is said to branched. 

A series of compounds in which the 
only difference among the _ individual 
members is the number of CH, groups 
is called a homologous series. 


Cycloparaffins 

Experiment 8. Build a model of a 
straight chain pentane. Now remove one 
hydrogen atom from the two end carbons 
having three hydrogen atoms each. Bring 
the two carbon atoms together so that a 
ring is formed (Fig. 6). 
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Fig. 6 

Connect the two with a bond. This 
compound is known as cyclopentane. It 
is a member of the group of organic 
compounds known as the cycloparaffins. 

Other members of this family are 
cyclopropane, C3H,; cyclobutane, C,Hg, 
cyclohexane, Cn. 

Note that although cyclopentane has 5 
carbons it is not an isomer of pentane 
since it has 10 hydrogens while pentane 
has 12. These compounds have the type 
formula C,Hp,,. 


DOUBLE BONDS 


Olefin Series 

Experiment 9. Build two models of 
methane. Take two toothpicks and insert 
them about 1/16 of an inch apart half- 
way between two hydrogen atoms. Re- 
move the two hydrogen atoms. 

Next find a point between two hydro- 
gen atoms on the second methane mole- 
cule and insert the free ends of the tooth- 
picks there. Remove the two hydrogen 
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atoms on this molecule also. 

You now have two methyl radicals 
joined together with a double bond (Fig. 
7). The molecule formed is called ethy- 
lene. Its formula is C,H, or CHy=CHsg. 

Ethylene is the first stable member of a 
series called olefins whose type formula 
is the same as that of cycloparaffins, 
C,H. 


Fig. 7 

Now replace one of the hydrogen 
atoms with a methyl radical. You have 
made the next member of this series 
which is called propylene and has the 
formula CzsH, or CHz;CH=CHg. 

Experiment 10. Butylene or butene, 
is the next in the series and has three 
isomers, 


1-butene CH 3CH9CH=CH9 

2-butene CH3,CH=CHCH3 
eis 

isobutylene CH 3C=CHy 


Can you make models for these? 
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If many ethylene molecules are con- 
nected in a long chain, you will have 
polyethylene, the plastic from which 
transparent bags, like the one used to 
package your clay, are made. 

Another type of isomerism, known as 
geometric isomerism, occurs with carbon 
series containing double bonds. 

Experiment 11. Take two carbon 
atoms and place a single bond between 
them. Rotate the atoms. Note that they 
can move freely in either direction. 

Now place a second bond next to the 
first. Can you rotate the carbon atoms 
now? This restriction which occurs makes 
possible different geometric structures in 
molecules with double bonds. 

Build a model of the isomer 2-butene, 
attaching the two hydrogen atoms to the 
center carbon atoms so that they are both 
located in space on the same side of the 
carbon atom (Fig. 8a). Place the methyl 
radicals (CH) in positions opposite the 
H atoms. This is known as the cis isomer. 

Now switch the positions of the H and 
CHs on one side of the double bond. The 
hydrogen atoms and the methyl radicals 
are now diagonally across from each 
other (Fig. 8b). Note that you cannot 
rotate the carbon atoms to switch the 
positions of the H and CHs. This is 
called the trans isomer. 

Experiment 12. Make ethane using 
two methyl radicals joined by a single 
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Fig. 8 

bond. Note that you can rotate the 
radicals freely and that you can obtain 
many different spatial relationships be- 
tween the atoms making up the radical. 
Such arrangements made by rotation 
about a single bond are known as con- 
formations. Refer to Fig. 5. 


Benzene Series 

Experiment 13. Build a chemical 
model of the hexatriene molecule having 
the formula 


Now remove a hydrogen atom from 
each of the two carbon atoms at the ends 
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of the chain. Connect these two carbon 
atoms together with a bond so that a ring 
is formed. The molecule you produced is 
benzene with the formula C,H,g, the first 
member of a series called the benzene 
series (Fig. 9), belonging to the aromatic 
group of organic compounds. 





Fig. 9 
Benzene is a common material used 
widely in industry. 


TRIPLE BOND 


Acetylene Series 

Experiment 14. Insert the ends of 
three toothpicks close together and 
parallel into one of the carbon atoms. 
Place the free ends into a second carbon 
atom. Attach a hydrogen atom to each 
carbon on the side opposite the triple 
bond (Fig. 10). 
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Fig. 10 

The compound you have formed is 
acetylene, CyH,. Acetylene is used in 
torches and in miner’s lamps. 

C,H, is the first of the compounds 
known as acetylenes. The general for- 
mula for this group is CyH»,-». The next 
member of the series is propyne, made 
by replacing one of the hydrogen atoms 
of acetylene with a methyl radical. 
Construct a model of propyne. Butyne 
is the third member of this series and 
exists in two isomeric forms, 
1-butyne, CH,;CH,C==CH, and 2-butyne, 
CH;C==CCH3;. Can you build the two 
isomers? 


OXYGEN-CONTAINING COMPOUNDS 


An important concept in organic 
chemistry is that compounds can be 
classified into various types by what is 
known as the functional group. 

The functional group consists of a 
group of atoms that gives a class of com- 
pounds its characteristic chemical proper- 
ties regardless of the composition of the 
rest of its molecular structure. All mole- 
cules possessing the same _ functional 
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group will have certain similar character- 
istics. 

Let us construct some models of mole- 
cules containing functional groups. 


Alcohols 

The simplest organic compounds con- 
taining oxygen are those in which oxygen 
is bound by one bond to a carbon atom 
and by the other bond to a hydrogen 
atom. Such compounds are known as 
alcohols and their functional group is the 
hydroxyl or OH group. 

The two valence bonds of oxygen form 
an angle of approximately 105° with one 
another (Fig. 11a). 


ee 105° 
Fig. 11 


Experiment 15. Build a model of the 
methane molecule. Take an uncolored 
styrofoam ball to represent the oxygen 
atom and insert a hydrogen atom into it 
to form a hydroxyl or OH group. 

Remove one of the H atoms from the 
methane molecule and replace it with the 
OH. The hydrogen atom bond should 
make an angle of aproximately 109° with 
the bond between the oxygen atom and 
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the carbon atom (Fig. 11b). 

This compound is called methyl alco- 
hol or wood alcohol and is made by 
heating wood in the absence of air. 

Methyl alcohol is the first member of 
the alcohols which have the general 
formula H(CH,),OH or R-OH. 

Replace one of the hydrogen atoms of 
the methyl radical of CH,OH with an- 
other methyl radical. You have made 
ethyl alcohol or grain alcohol, the prod- 
uct of normal fermentation. 

Experiment 16. If a hydrogen atom 
of a methyl radical in ethyl alcohol is 
replaced with a methyl radical, propyl 
alcohol is formed. But ethyl alcohol has 
two carbons. Therefore, propyl alcohol 
can have isomers. How many? Isopropyl 
alcohol shown below is used in rubbing 
alcohol. 


OH 


See how many isomers of butyl alco- 
hol, the next member, you can make. 


Polyols 
Alcohols may contain more than one 
OH group. Such alcohols are known as 
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polyols and are classed according to the 
numbers of OH groups present. 

Experiment 17. Build a model of the 
ethane molecule, C,H,. Replace one 
hydrogen from each of the two carbon 
atoms with an OH group. This compound 
is known as ethylene glycol, C,H,(OH)2. 
and is the first member of the glycols. 

Ethylene glycol is best known as an 
antifreeze additive for automobile radi- 
ators. 

Construct glycols from propane. How 
many isomers are possible? 

Experiment 18. Glycerol, or glycerin, 
is a very important substance, widely used 
in cosmetics and the manufacture of 
nitroglycerin. You can build a model of 
its molecule from the propane molecule. 
Replace a hydrogen atom from each of 
the three carbon atoms in propane with 
an OH group. Glycerin is a triol, having 
three OH groups, and has the formula 
C;H;(OH);. It is a constituent of plant 
and animal fats and fatty oils. 

The glycols and the glycerols never 
have more than one oxygen atom 
attached to each carbon atom. 


Ethers 
Experiment 19. Another group of in- 
teresting organic compounds are the 
ethers. 
Build a model of methyl alcohol. Re- 
place the hydrogen atom of the OH group 
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with a methyl radical and note that you 
have the structure R-OR. This compound 
is dimethyl ether and the first member 
of the ether series which is characterized 
by two groups of hydrocarbon-type radi- 
cals linked to an oxygen atom. 

The second member of the series is 
methyl ethyl ether. Construct it by re- 
placing a hydrogen of one of the methyl 
radicals with a methyl radical. 

Some ethers are symmetrical having 
identical groups on each side of the oxy- 
gen, while others are unsymmetrical and 
have different groups linked to the oxy- 
gen. 

CH, CH, CH, O CH, 


methyl propyl ether 
CH3- CH»-O-CH,-CH, 
diethyl ether 
CH3 
H 


methyl isopropyl ether 
Fig. 12 
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The third member of this series, methyl 
propyl ether, exists in three isomeric 
forms depending upon the position of the 
methyl radical. One of the isomers is 
symmetrical and the other two unsym- 
metrical. Can you construct models of 
them? (Fig. 12). 

Aldehydes 

There are many organic compounds 
containing oxygen in which the oxygen 
atom of the functional group is bound 
by a double bond to a carbon atom. 

Experiment 20. Build a model of a 
methane molecule. Replace two of the 
hydrogen atoms with an oxygen atom 
bound by two bonds. Place the oxygen 
bonds midway between the two hydrogen 
atoms that were removed and you will 
obtain 


H 
Soe 


O 
no 


The compound you have formed is 
formaldehyde, the first of a series known 
as aldehydes which is characterized by 
the functional group -CH=O and has 
the general formula R-CH=O. 

Make the second member of this series 
by replacing one of the hydrogen atoms 
of formaldehyde with a methyl radical. 
This is acetaldehyde. The other members 
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of this series are made by replacing the 
hydrogen of the carbon atoms other than 
the carbon of the functional group. 


Ketones 

Experiment 21. Build a model of 
formaldehyde. Now replace both of the 
hydrogen atoms with methyl radicals. 

This compound is called acetone or 
dimethyl ketone and is an important 
solvent. It is the first member of the 
ketone series whose functional group is 


C=O with the general formula C=O. 
R 


The second member of the series is 
called methyl ethyl ketone. Can you build 
a model of this compound? 


Carboxylic Acids 

If you place both a hydroxyl group and 
a double bonded oxygen atom on the 
same carbon atom, compounds known 
as organic acids or carboxylic acids are 
formed. 

Experiment 22. Build a model of the 
formaldehyde molecule. Replace one of 
the hydrogen atoms with a _ hydroxyl 
group. This compound is known as 
formi id, 

c acid OH 


H—C=0 
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and is the first member of this series. 

The next member can be made from 
formic acid by replacing the hydrogen 
atom attached to the carbon with a 
methyl radical. This produces acetic 
acid, CH,COOH, the major constituent 
of vinegar. 


Esters 

It is possible to replace the hydrogen 
atom attached to the oxygen atom in 
organic acids with another radical. Com- 
pounds resulting from such a replacement 
are known as esters. Esters are important 
in our enjoyment of fruits. They are the 
chemicals that give them their character- 
istic flavors and odors. 


ye 
CH3-C=0 acetic acid 
gee 
CH,-C=0 methyl acetate 
OCH CH3 
cu,-c40 ethyl acetate 


Fig. 13 
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Experiment 23. Build a model of 
acetic acid. Replace the hydrogen of the 
hydroxyl group with a methyl radical 
(Fig. 13). 

This substance is methyl acetate. 

Can you make ethyl acetate from 
methyl acetate? This compound has an 
odor similar to that of bananas. 

The experiments in this unit are but an 
introduction to the art of building chemi- 
cal models. By reading books on organic 
chemistry you will see the many possi- 
bilities of constructing complex molecular 
models which will be helpful in visualiz- 
ing and understanding chemical struc- 
tures. 
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LOOKING FOR 
SCIENCE FAIR IDEAS? 


... then obtain a copy of 


THOUSANDS OF SCIENCE PROJECTS 


at only $1.00 


Thousands Of Science Projects is a 
collection of titles of thousands of 
science projects submitted by par- 
ticipants in the International Science 
and Engineering Fair and to the 
Westinghouse Science Talent Search 


The titles represent projects com- 
pleted by at least one student and 
will serve as a ready source of ideas 
for students of all age levels. 


For your copy send order with 
remittance to: 


THOUSANDS 

c/o Science Clubs of America 
Dept. TH 

1719 N Street, N.W. 
Washington, D.C. 20036 


THINGS of science 


CHEMICAL MODELS 
Science Service Washington, D. C. 20036 


BACK UNITS AVAILABLE 


$1.00 each or three for $2.50 
while supply lasts. 
Order by number 





No. Title 
311 Rocks and Minerals of the 
Southwest 


313 Measurement 

314 Holography 

317 Cast Iron 

320 Glass 

321 Magnetism 

322 Buoyancy 

326 Fiber Optics 

332 Sundial 

333 Sound 

335 Corrosion 

336 Heat and Temperature 
337 Treated Cotton Fabrics 


Send order with remittance to: 
THINGS OF SCIENCE 
Dept. 1-73 
1719 N Street, N.W. 
Washington, D.C. 20036 
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